A n SDE is one of the most serious neurosurgical emergencies. It is a fulminant form of intracranial infections and accounts for 15-20% of all localized intracranial infections. 6, 13 A delay in diagnosis and treatment can lead to significant morbidity and mortality. The incidence of SDE in children is lower than that in adults. 13 Although meningitis is an unusual cause of SDE in adults, it is the most frequent cause in infants. Postmeningitic SDE in infants is unique with respect to the pathophysiology, presentation, and treatment. The mechanism of the development of SDE is through infection of sterile, reactive subdural effusions, which appear in 40-60% of all cases of meningitis in infants.
A n SDE is one of the most serious neurosurgical emergencies. It is a fulminant form of intracranial infections and accounts for 15-20% of all localized intracranial infections. 6, 13 A delay in diagnosis and treatment can lead to significant morbidity and mortality. The incidence of SDE in children is lower than that in adults. 13 Although meningitis is an unusual cause of SDE in adults, it is the most frequent cause in infants. Postmeningitic SDE in infants is unique with respect to the pathophysiology, presentation, and treatment. The mechanism of the development of SDE is through infection of sterile, reactive subdural effusions, which appear in 40-60% of all cases of meningitis in infants. 14 The optimal surgical approach in patients with postmeningitic SDE (drainage via craniotomy or bur hole) is controversial. 2, 5, 12 Although there have been various studies on SDE, there is a paucity of literature regarding the surgical treatment results of SDE related to infant meningitis. However, no current data support a specific duration of antibiotic therapy and clinical outcome between the different surgical approaches. Therefore, we conducted a retrospective study comparing craniotomy to bur holes with subdural drainage surgery in infants with postmeningitic SDE.
Methods
This retrospective case series was conducted at the Chang Gung Memorial Hospital. The study population consisted of patients younger than 2 years with a diagnosis of SDE who underwent surgical intervention. All medical records and radiological materials were reviewed. An empyema was defined as a pus accumulation in the subdural space as noted on enhanced CT scanning. The treatment and outcome of postmeningitic subdural empyema in infants Frank pus was identified during surgery (bur hole with subdural drainage and/or craniotomy). Between 2000 and 2006, 41 patients had undergone surgical treatment due to an SDE. We excluded patients with isolated cerebral abscess, sinusitis, infection that developed after neurosurgery, head trauma, otorhinolaryngeal infection, and other systemic infections. All cases of SDE in infants were due to meningitis, and the CSF culture was positive at the time when meningitis was diagnosed.
The medical records, surgical notes, and discharge summaries of all the patients were analyzed retrospectively. On diagnosis, age, weight, GCS scores, microbiological studies, duration of symptoms before intervention, and CSF data before intervention were collected. After intervention, the number of days of postoperative antibiotic treatment, the number of days until the patient was afebrile, the need for a second procedure, and the GOS score were reviewed retrospectively.
The data were analyzed using the Student t-test and the chi-square test. Statistical significance was set at p < 0.05.
Results

Patient Characteristics
Between January 2000 and December 2006, 41 patients were diagnosed with SDE and underwent surgical intervention. Eight patients were excluded from the study. Of these 8 patients, the SDE was diagnosed after neurosurgical intervention in 4, after sinusitis-related SDE without CSF culture in 2, and after meningitis subsequent to chronic subdural hemorrhage in 2. Thirty-three patients were enrolled in the study (22 boys and 11 girls, age range 10 days-16 months [mean 5.1 ± 3.49 months]). Medical and surgical treatment data of the patients with early-onset infection are shown in Table 1 . At diagnosis, there were no significant differences between the groups in terms of age, body weight, CSF white blood cell count, CSF protein level, CSF sugar level, level of consciousness, and days since fever onset.
Clinical Presentation
In 33 patients, the main clinical features observed were fever in 31 (94%), seizure in 19 (58%), decreased level of consciousness in 19 (58%), neurological deficit in 7 (21%), and bulging fontanel in 7 (21%). The majority of patients presented with fever, but 2 patients did not develop fever. Seven patients had a neurological deficit; 4 of them had hemiparesis and 3 of them had a cranial nerve palsy. Complete data of both groups regarding the clinical presentation at diagnosis are shown in Table 2 .
Imaging Investigations
An intracranial SDE was diagnosed when contrastenhanced CT scans showed the presence of a hypo-to isodense subdural collection with enhancement. 21 All patients underwent either CT scanning or MR imaging in the postoperative and follow-up periods. The distribution of SDEs according to their sites is given in Table 1 . The cerebral convexity (frontotemporal) was the most common site of pus collection. In 1 case, it was associated with pus collection in the parafalcine region. There was no significant difference in the size of the SDE between the 2 groups. However, SDEs that involved the bilateral convexity were more prominent in the bur hole group than in the craniotomy group.
Microbiological Findings
The CSF culture was positive in all patients. Haemophilus influenzae type b was the most common pathogen (10 patients [32.3%]), followed by Streptococcus pneumonia, Escherichia coli, and group B streptococci. Organisms identified in the CSF are shown in Table 3 . The pus cultures were positive in 7 patients in the bur hole group and in 4 patients in the craniotomy group. 
Treatment Course
All patients received an antibiotic regimen for meningitis, which was modified if required, following the culture and sensitivity report; the patients underwent follow-up with CSF culture and imaging studies. We then performed ultrasonography for the initial evaluation of the subdural fluid. The size of the infectious collection was determined readily by using imaging studies. In cases in which progressive subdural fluid accumulation and SDE was highly suspected, CT scanning of the brain with enhancement was performed for a definite diagnosis. One of the surgical indications in our series was progressive SDE accumulation despite antibiotic treatment, which indicated poor medical treatment control (Fig. 1) . The other surgical indication was that the patient suffered high intracranial pressure due to the mass effect of SDE. Focal neurological abnormalities such as hemiparesis, dysphasia, cranial neuropathies, and seizure, have been shown to be due to local pressure on the underlying cortex because of the lesion (Fig. 2) . Following diagnosis, all patients underwent an emergency operation. The initial surgical intervention (bur hole with subdural drainage and craniotomy) varied between the individual cases and depended on the surgeon's preference. The mean duration between fever onset and surgical intervention was 11.6 days and 12.5 days in the bur hole and craniotomy groups, respectively. Antiepileptic medication was started in patients who presented with seizures. One case was associated with ventriculitis complicated by hydrocephalus and required the placement of an external ventricular drain.
Outcome
Postoperative CT scans were obtained, and 5 patients were subjected to further surgery. Two patients in the craniotomy group and 3 patients in the bur hole group had recollection of the SDE and required surgical intervention. These patients underwent craniotomy, and no further recurrences were observed. The outcome data are shown in Table 4 . There was no difference in the duration of postoperative antibiotic treatment after intervention, GOS scores, or number of days until afebrile. One patient died in the craniotomy group during the admission course of severe sepsis and multiple organ failure.
The analysis of complications in both groups revealed that the majority of complications were wound infection (3 patients in the bur hole group and 1 patient in the craniotomy group). Seven patients had neurological sequelae in the follow-up period, 2 patients presented with hemiparesis, and 5 patients suffered from hearing impairment during the follow-up period. The percentage of patients with good outcomes (that is, those with GOS scores of 4 or 5) was 78% at the time of the last outpatient visit. The duration of follow-up was 2-8 years.
Discussion
Epidemiological Analysis
Subdural empyema due to meningitis is a rare, lifethreatening complication of meningitis in infants. Infants are highly predisposed to the development of SDE in association with meningitis. 7, 16 Subdural collections are a common complication of meningitis in young infants. They occur in 39-60% of infants with proven pyogenic meningitis. 17, 18 However, SDE due to purulent meningitis is extremely rare and occurs as a complication in approximately 1-2% of all cases of infantile bacterial meningitis. 9, 19 Many cases of SDE in infants occur when a subdural effusion related to meningitis becomes infected. The male predominance in the present series is in concordance with that in previous pediatric series. 1, 4, 20 
Symptoms/Signs
Subdural empyema during infancy occurs in infants with bacterial meningitis. It subsequently manifests with persistent fever, declining neurological status, and/or sei- zures. Both infections have similar clinical features such a fever, seizures, and focal neurological deficits, which make the distinction difficult.
14 In the present study, the clinical observation revealed a high fever that was present in most patients because of the infection. Not all patients developed a seizure or a focal neurological deficit. Hence, a combination of imaging modalities and clinical evaluation is necessary for the early diagnosis of SDE.
Diagnosis of SDE
Cases in which infants have an unsatisfactory response to appropriate antibiotic therapy during acute bacterial meningitis should raise the suspicion of SDE. Reactive subdural effusions due to meningitis are much more common than SDE in infants. 9, 19 Cranial ultrasonography is a reliable imaging modality in infants that may distinguish between reactive subdural effusion and SDE. 4 Cranial ultrasonography seems to be cost-effective and has been recommended as a screening tool for every infant with bacterial meningitis. 3 In our study, all patients were first suspected to have a subdural effusion based on the brain sonography findings. Although CT reconfirmation is usually necessary, brain ultrasonography cannot only be performed easily at bedside at the onset, but it is also used to assess the amount of empyema that remains after treatment. Early detection with frequent ultrasonographic monitoring of the subdural effusions might lessen the neurological sequelae in infantile and neonatal purulent meningitis. The time interval observed in our series between the onset of the first symptoms of meningitis (fever, drowsiness, and seizure) and the diagnosis of SDE ranged from 2 days to 4 weeks. Radiographic imaging should be performed in all patients in whom SDE is suspected. Although MR imaging is more sensitive in showing parenchymal abnormalities, cranial CT scanning is often performed as the first neuroimaging modality because of the more widespread availability and the need for a rapid diagnosis.
Treatment of SDE
Despite modern diagnostic and therapeutic capabilities, SDE still carries a significant risk of mortality. The treatment goal is removal of the pus and eradication of the source of infection. Few reports have suggested that some episodes of SDE can be managed conservatively with antibiotics alone.
6,10,11 The choice of antibiotics for the treatment of SDE should be tailored according to the suspected route of infection. The subsequent selection of antibiotics should be based on the available culture and sensitivity results. 8 The duration of antibiotic treatment often depends on the rate of resolution of the SDE (based on radiological images).
The surgical approach to SDE is a debatable issue. Bur hole drainage and craniotomy have been used for the drainage of SDE. 6, 13 In literature reviews, intermittent transfontanel needle aspiration of the SDE may provide a means of removal of pus, 5, 13 but it must be performed with great caution. Some pediatric series emphasized the importance of craniotomy in achieving a better outcome.
1,20
The majority of the reports were across all age groups and various pathogeneses. In our present study, we focused on the postmeningitic SDE treatment. The mechanism of the development of postmeningitic SDE is through infection of the sterile, reactive subdural effusions.
14 The infection then presumably extends through the arachnoid membrane and into the subdural space.
14 However, the pathophysiology of SDE due to sinus infections, head trauma, or after neurosurgery is different. In these cases, the pus spreads into the subdural space from the sinus, an otorhinogenic source, or the epidural space by either direct spread associated with bone erosion or by indirect spread via retrograde throm- Subdural empyema due to meningitis was found in the cerebral convexity in most of our patients, except for 1. The use of bur holes with irrigation may be more efficacious for drainage at the early stage of postmeningitic SDE when the pus is liquid and can be easily accessed.
The average duration of symptoms in SDE is 2 weeks and can range from 1 to 8 weeks. 8 In our series, SDE was treated about 12 days after the symptoms of meningitis developed. Recently, Yilmaz et al. 20 reported a retrospective study of 28 patients identified with SDE associated with meningitis. In that study, the average time interval between symptoms and diagnosis of SDE was approximately 2 months. Bur hole drainage seemed insufficient in that study because the duration of the symptoms was longer than that reported in other studies on SDE. 8 In our present study, the outcome data showed no difference in recurrence rate, number of days until afebrile, number of days of postoperative antibiotic treatment, and GOS score between the bur hole and craniotomy groups. With early detection, bur hole drainage may be appropriate in the management of postmeningitic SDE.
Patient Outcomes
In our series, 1 patient (3%) died of disseminated sepsis. The patient was resistant to antibiotic treatment and died of multiple organ failure. The outcome of postmeningitic SDE is difficult to evaluate because of the similar symptoms of sequelae of meningitis and those of brain compression by mass effect. The underlying mechanism of brain injury is SDE, which is related to thrombophlebitis, venous infarction, and toxin-reduced local effects, where a mass effect may be of lesser importance.
15 A favorable outcome was achieved in 73% of patients in our present study, which is in accordance with the majority of the previous studies on pediatric SDE. 
Conclusions
Postmeningitic SDE in infants is unique with respect to the pathophysiology, presentation, and treatment of SDE. The clinical presentation of meningitis often masks the presence of SDE in infants. Early detection as well as evacuation of SDE provides a favorable outcome. Bur hole drainage under ultrasonographic, CT, or MR imaging guidance is less invasive, and it is possible to remove subdural pus to the same extent as by craniotomy. Bur hole drainage should be considered as an effective and safe method for the surgical management of postmeningitic SDE in infants when detected early.
